The selfish herd hypothesis, as proposed by Hamilton (1971, Journal of Theoretical Biology, 31, 295e311), is a powerful hypothesis to explain emergent grouping behaviour by individuals acting in their own selfinterest. However, immediately after prey detect a predator, the prey group may undergo a rapid disassembly, called a flash expansion, which might be considered a 'repulsive herd'. Although flash expansion occurs in bird flocks, fish schools and insect swarms, few empirical or simulation studies have directly examined it or tested whether there are differences among its members. In addition, although flash expansion is typically thought of as a near-simultaneous movement of individuals away from the group centre, little data has been collected to verify this. We performed an empirical study to test whether the overall movement of individuals within a flash expansion is away from (1) the first individual to startle, (2) the geometric centre or (3) the point of highest density. We videotaped replicate swarms of marked whirligig beetles (Gyrinidae: Dineutes) during flash expansion and determined their trajectories. Overall, individuals moved away from the geometric centre more strongly than from the density maximum or the first to respond (starter). The geometric centre hypothesis was also supported by the lack of polarization of the group and that the bearing angle was away from the geometric centre. The starter was more likely to be a female at the edge of a group, and she moved more quickly than others and favoured the centre of the group. This is one of the first detailed examinations of flash expansion and the individual differences within it. Future empirical and simulation studies of the movement rules and emergent properties of flash expansion are needed to better understand the collective motion of other animals.
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The selfish herd hypothesis (Hamilton, 1971 ) is a powerful concept which predicts that animals acting in their own selfinterest can produce an emergent group. Thousands of papers (2500þ) have cited this seminal work concerning proximate and ultimate factors effecting grouping and centripetal forces (Krause & Ruxton, 2002) . According to this hypothesis, if a predator can appear anywhere within the group, each individual's best move is to reduce its domain of danger by moving towards its nearest neighbour. Later refinements to the model suggest that it is better to minimize approach time (Krause & Tegeder, 1994) , or to go between one's two nearest neighbours (Morton, Haefner, Nugala, Decino, & Mendes, 1994) , or that edge and centre individuals may have different optimal movement rules to achieve reduced domaines of danger (Morrell, Ruxton, & James, 2011). However, little is known about the opposite 'repulsive' centrifugal forces.
We refer specifically to the emergent group behaviour called flash expansion, defined (but not confirmed) as a near-simultaneous movement away from the group during the final 'attack' phase of a predator strike (Magurran & Pitcher, 1987; Parrish & Pitcher, 1997; Partridge, 1982) . Flash expansion is thought to reduce a predator's capture rate by confusing it (Partridge, 1982) . There are a number of unanswered questions about flash expansion, such as do individual differences in sex, hunger and boldness have an equal likelihood of being in the centre or the edge of groups at different phases of the flash expansion and does the individual who sees the predator first behave differently from other group members? It is also unclear how flash expansions compare with the better-studied propagation waves (Procaccini et al., 2011) .
There are few detailed studies of flash expansion. In fish, the flash expansion is typically the very last school response to a predator after other escape behaviours have been exhausted (Magurran & Pitcher, 1987) . Many species of fish exhibit a flash expansion, which starts with a reflex 'C-start' (a fast startle response), followed by movement away from the group (Parrish &
